The parathyroid glands were first recognized anatomically by Remak in 1855, fully described by Sandstrom in 1880, and their relation to tetany described by Gley in 1891 on the basis of extirpation experiments (see Houssay, 1955; Harrison, 1962 Harrison, 1962) . Collip isolated parathormone in 1925 and described its ability to induce elevated serum calcium levels. Albright observed the concomitant effect of parathormone on serum phosphorus levels and suggested that parathormone mediates its effect by (1) increasing phosphorus excretion in urine, (2) decreasing phosphate in the serum, (3) promoting resorption of phosphorus and calcium from bones as a reaction to low serum phosphorus and by direct stimulation of osteoclasts, (4) elevating serum calcium, (5) increasing urinary output of calcium, and (6) ganglia, and convulsions in some patients (Cusmano, Baker, and Finby, 1956; Nichols, Holdsworth, and Reinfrank, 1961; Hertzog, 1968) . As might be expected, there have been patients with the skeletal, nervous, and serum alterations of PH that have produced a phosphate diuresis when challenged by parathyroid extracts (Smulyan and Raisz, 1959) .
Ten years later Albright, Forbes, and Henneman (1952) described pseudopseudohypoparathyroidism (PPH) in which one sees most of the physical and mental changes alluded to above but normal serum calcium and phosphorus concentrations. Subsequent reports have shown the major differences between PH and PPH, respectively, to be: abnormal versus normal serum calcium and phosphorus levels, diagnosis made in childrenas opposed to young adults, infrequent instead of common exostoses, and calcification in the basal ganglia in one-third rather than one-fifth of the patients (Palubinskas and Davies, 1959: Gershberg and Weseley, 1960; Tanz, 1960; Todd, Hill, Nickerson, and Tingely, 1961; Cruz and Barnett, 1962; Mann, Altermann, and Hills, 1962 1960 she showed such profound confusion, inattentiveness, and depression that she was released from her job and was committed by her family as a patient at a second state psychiatric hospital at 30 years of age. The working diagnoses were schizophrenia and depression. She was short (5 ft 11 in.; 1-5 m), obese (217 lb; 98-4 kg), and edentulous. The neurological examination and routine laboratory tests showed no abnormalities. After her first treatment with electro-shock therapy, she developed spontaneous convulsions intermittently for several hours. Occasional later attempts to give electro-shock therapy again provoked prolonged convulsive reactions. Urinary incontinence developed in the hospital.
In 1962 an episode of right ankle pain and swelling was diagnosed as palindromic arthritis. Radiographs of the hands and feet showed normal metacarpal and metatarsal bones, except for bilateral congenital bone cysts of the talus which were treated surgically. Multiple flecks of subcutaneous calcification were seen on radiographs of the right lower leg. In 1965 the patient developed difficulty in walking and a wide, shuffling gait. A thorough neurological evaluation was done. Radiographs of the skull showed calcifications in the pineal, choroid plexuses, and bilaterally in the region of the basal ganglia ( Fig. 1 ). Pneumoencephalograms revealed diffuse cortical atrophy and slightly dilated lateral ventricles. The radiology consultant suggested a diagnosis of pseudopseudohypoparathyroidism. An electroencephalogram was within normal limits. Spinal fluid protein was 39 mg/100 ml., and later in the year was 81 mg/100 ml. Eight separate serum calcium determinations from 1965 to 1968 (age 36 to 39 years) varied from 9 4 to 10-2 mg/100 ml., serum phosphorus between 2 9 and 4-2 mg/100 ml.
In 1967 a firm, subcutaneous mass (6 x 10 cm) was noted over the patient's anterior right lower leg which was non-tender and later regressed, diagnosis unknown. Radiographs showed bilateral subcutaneous flecks of calcification in both legs. Cystic changes were noted in the antral area of the mastoid on radiography. The patient became more and more disorientated, totally incontinent, and practically bedfast. A repeat electroencephalogram showed diffuse slowing, and bilateral Babinski reflexes appeared. Faecal impaction, decubitus ulcers, and intermittent fever developed as the patient became obtunded. In May 1967, and on several occasions thereafter, spontaneous grand mal convulsions occurred. Bronchitis and bronchopneumonia developed in 1968 and, in spite of antibiotic therapy, the patient died in respiratory arrest in June 1968 at 39 years of age.
Post-mortem examination of the brain revealed a weight of only 850 g due to diffuse cortical atrophy with hydrocephalus ex vacuo. The medial superior portion of the globus pallidus, measuring 1 0 x 0 8 x 0 5 cm and abutting the internal capsule, was discoloured brownblack on fresh coronal sections of the formalin-fixed brain (Fig. 2) . This same area was the sole site (other than the pineal gland and choroid plexus) of radiopacity in the fixed brain (Fig. 3) . Microscopy revealed scattered metallic concretions, averaging 20 Z in diameter, present throughout the medial superior portion of the globus pallidus and, to a lesser extent, the dentate nuclei. They were not associated with vascular structures. Specia stains for iron (Fig. 4) and calcium (Fig. 5) , with controls, gave a strong reaction for both metals in the granules. Techniques for the analysis for trace metals were not available. The choroid plexus showed normal calcification which stained strongly for calcium but not for iron. The thoracic spinal cord demonstrated partial demyelination of the medial posterior columns. The brain did not show any foci of demyelination.
The remainder of the examination revealed confluent bronchopneumonia bilaterally as the cause of death. Submucosal haemorrhages were present throughout the gastrointestinal tract, and the entire colon was markedly distended with impacted faeces. All other organs were normal grossly and microscopically. Two normalappearing parathyroid glands were identified. The pancreas, adrenals, thyroid, and pituitary showed no abnormalities.
CASE 2
This 33-year-old Caucasian male (J.R.), the brother of abnormally from early childhood, required frequent formula changes, and grew very slowly. He was diagnosed as having rickets at 4 months of age. He first spoke at age 24 years and began to walk at 3. He suffered frequent night terrors. He began school at the age of 7 and socialized well, but dropped out after failing the fourth grade twice. Seizures consisting of stiffening for several minutes without loss of consciousness, sometimes with a tremor, began to occur at the age of 12 about once a week. Later they became grand mal in character, preceded by an aura, and followed by stupor. Phenytoin (Dilantin) and phenobarbital therapy failed to control these convulsive episodes.
Physical examination revealed multiple abnormalities. At 13 years of age his height was 129 cm (average 146 cm); at 27 years he was 165 cm (5 ft 5 in.) tall but not obese. His fingers were short and stubby and the fifth finger on each hand was disproportionately short. His head was oxycephalic. The optic discs were pale, and hypertelorism was noted. The nose was flat and flaring, somewhat negroid. The palate was high and arched, and the patient consistently breathed through his mouth. He had a receding chin, and his teeth did not approximate. The chest showed costal flaring, with a slight Harrison's groove. The neurological examination was normal except for mental retardation; his tested IQ was 53. A pneumoencephalogram at the age of 13 revealed dilated lateral ventricles and generalized cortical atrophy but no intracranial calcifications were recognized at that time. The spinal fluid was at 200 mm water pressure and contained protein 40 mg/100 ml., NPN 14 mg/100 ml., and sugar 80 mg/100 ml.
The patient was committed to a state mental hospital at 27 years of age because of his epilepsy and retardation. (Dickson, Morita, Cowsert, Graves, and Meyer, 1960; Gershberg and Weseley, 1960; Todd et al., 1961; Hermans, Gorman, Martin, and Kelly, 1964; Hinkle, Travis, and Dodge, 1964) and of isolated features of PH in families with well-documented PPH (Cruz and Barnett, 1962; Hermans et al., 1964) . Other cases have been reported which seem to change in the course of the disease from one syndrome to the other (Palubinskas and Davies, 1959; Ray and Gardner, 1959; Hinkle et al., 1964) . Gershberg and Weseley (1960) girl who had short metacarpals, soft tissue calcifications, genu valgum, and serum calcium 4 5 mg/100 ml. at 8 years of age. She also was retarded, short, obese, had convulsions, but did not have any known intracranial calcifications. At age 21 she was found to have normal serum calcium, with no therapy, and radiographs revealed bilateral calcifications of the basal ganglia. Her mother also had PPH. The fact that PH is typically a disease of children, whereas PPH is characteristically found in adults, has led to the postulate that the diseases are the same, but that metabolic stress, such as growth in children or pregnancy in young women with an increased demand for calcium, may cause temporary hypocalcaemia (Gershberg and Weseley, 1960) .
Calcification of the basal ganglia to an extent detectable by radiographs of the skull is a rare entity except in PH where fully one-third of the patients manifest this change. By contrast, PPH has only two reported instances (Palubinskas and Davies, 1959; Tanz, 1960) of mineralization of the basal ganglia detected clinically with no opportunity for a post-mortem analysis. At least 75 cases of PPH have been described in which there was noknown involvement of the basal ganglia (Albright et al., 1952; Milesand Elrick, 1954; Roche, 1955; McNeely, Raisz, and Le May, 1956; Seringe and Tomkiewicz, .. . Wallach, Englert, and Brown, 1956; Bronsky, Kushner, Dubin, and Snapper, 1958; Casey, Fast, and Cherniack, 1959; Ray and Gardner, 1959; Rubinstein and Cody, 1959; Barr, Taylor, and Rabkin, 1960; Dickson et al., 1960; Gershberg and Weseley, 1960; Hortling, Puupponen, and Koski, 1960; Tanz, 1960; Ahmed, 1961; Gibson, 1961; Schwarz, 1961; Todd et al., 1961; Uhr and Bezhaler, 1961; Cruz and Barnett, 1962; Hermans et al., 1964; Hinkle et al., 1964; Becker, Hoffman, Hermans, and Martin, 1965; Jancar, 1965; Schaaf, Wagner, and Schwarz, 1966; Morisaki, Sugawara, and Yoon, 1967; Emanuelli and Pellegrini, 1968; Kelly, 1968) . The demonstration by Palubinkas and Davies (1959) of conversion of a PH patient without calcification to a PPH syndrome with mineralization of the basal ganglia is quite important. It offers an explanation for the potential development of calcification in an unrecognized PH patient that may be subsequently correctly diagnosed as PPH. This is thought to be the mechanism operative in our case 1.
Classification of case 1 as a PPH is felt to be justified in the absence of wrist or ankle anomalies because of a multitude of other symptoms and signs present in this patient. Contrary to the suggestion by Fromm (1956) (1952) .
Case 2 demonstrated multiple skeletal and mental signs of PH and PPH but did not have serum analyses for calcium or phosphorus. The short metacarpals make the diagnosis quite secure. The progressive mental deterioration seen in both cases and frequently described in both PH and PPH was due to a severe generalized atrophy of all portions of the brain.
The term 'mineralization' of the basal ganglia has been used to describe the necropsy findings of both calcium and iron in the globus pallidus and dentate nuclei rather than pure calcium. Recent reports of electron probe (activation) analysis of intracranial mineral deposits suggest that such deposits are rarely homogeneous (Leestma, Wisniewska, and Martin, 1969) . Phosphorus, sulphur, and trace elements, such as zinc and cobalt, have been identified in various concentrations in different areas of the same plaque. Thus, 'mineralization' is a more generic and proper term for cases previously classified simply as 'calcification'.
SUMMARY
Bilateral mineralization of the globus pallidus and dentate nuclei in a patient with pseudopseudohypoparathyroidism (PPH) is described and discussed. The concretions were found to contain both calcium and iron in high concentrations. Reports of conversion of patients from pseudohypoparathyroidism (PH) to PPH, the greater frequency of mineralization of basal ganglia in PH, and the absence of serum calcium and phosphorus determinations from the patient during childhood allow the possibility that the patient under discussion developed calcification while in the PH stage and subsequently converted to PPH. The presence of one sibling with either PH or PPH and other normal siblings as the products of a marriage of first cousins suggests a recessive mode of inheritance. The mental retardation of increasing severity in both siblings is related to a progressive generalized atrophy of the cerebral hemispheres and cerebellum.
